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CONFORMALLY COATED LIGHT
EMITTING DEVICES AND METHODS FOR
PROVIDING THE SAME

BACKGROUND

This invention relates to coating of semiconductor devices.
Inparticular, this invention relates to the application of optical
materials to optical elements that are mounted on a substrate.
In particular embodiments, the invention relates to substrates
used in conjunction with the application of optical coatings,
such as phosphors and/or other particles, to optical elements
of'a semiconductor based light emitting device, such as light
emitting diode based devices. In yet other embodiments, the
invention relates to spraying optical elements with phosphor
and/or other particles.

Light emitting diodes (LEDs) are semiconductor devices
that convert electric energy to light. Inorganic LEDs typically
include an active layer of semiconductor material formed
between two oppositely doped layers. When a bias is applied
across the active region, holes and/or electrons are injected
into the active region. Recombination of holes and electrons
in the active region generates light that can be emitted from
the LED. The active region may include a single and/or
double heterojunction, quantum well, or multiple quantum
well structures with corresponding barrier layers and may
include other layers. The structure of the device, and the
material from which it is constructed, determine the intensity
and wavelength of light emitted by the device. Recent
advances in LED technology have resulted in highly efficient
solid-state light sources that surpass the efficiency of incan-
descent and halogen light sources, providing light with equal
or greater brightness in relation to input power.

Conventional LEDs generate narrow bandwidth, essen-
tially monochromatic light. However, it is desirable to gen-
erate polychromatic light, such as white light, using solid
state light sources. One way to produce white light from
conventional LEDs is to combine different wavelengths of
light from different LEDs. For example, white light can be
produced by combining the light from red, green and blue
emitting LEDs, or combining the light from blue and amber
LEDs. This approach, however, requires the use of multiple
LEDs to produce a single color of light, which can potentially
increase the overall cost, size, complexity and/or heat gener-
ated by such a device. In addition, the different colors of light
may also be generated from different types of LEDs fabri-
cated from different material systems. Combining different
LED types to form a white lamp can require costly fabrication
techniques and can require complex control circuitry, since
each device may have different electrical requirements and/or
may behave differently under varied operating conditions
(e.g. with temperature, current or time).

Light from a blue emitting LED has been converted to
white light by surrounding the LED with a yellow phosphor,
such as cerium-doped yttrium aluminum garnet (Ce:YAG).
The phosphor material absorbs and “downconverts” some of
the blue light generated by the LED. That is, the phosphor
material generates light, such as yellow light, in response to
absorbing the blue light. Thus, some of the blue light gener-
ated by the LED is converted to yellow light. Some of the blue
light from the LED passes through the phosphor without
being changed, however. The overall LED/phosphor structure
emits both blue and yellow light, which combine to provide
light that is perceived as white light.

LEDs have been combined with phosphor layers by dis-
pensing a volume of phosphor-containing encapsulant mate-
rial (e.g., epoxy resin or silicone) over the LED to cover the
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LED. In these methods, however, it can be difficult to control
the geometry and/or thickness of the phosphor layer. As a
result, light emitted from the LED at different angles can pass
through different amounts of conversion material, which can
result in an LED with non-uniform color temperature as a
function of viewing angle. Because the geometry and thick-
ness is hard to control, it can also be difficult to consistently
reproduce LEDs with the same or similar emission charac-
teristics.

Still another coating method for LEDs utilizes droplet
deposition using systems similar to those in an ink-jet print-
ing apparatus. Droplets of a liquid phosphor-containing mate-
rial are sprayed from a print head. The phosphor-containing
droplets are ejected from a nozzle on the print head in
response to pressure generated in the print head by a thermal
bubble and/or by piezoelectric crystal vibrations.

Problems with conventional methods of applying phos-
phor and/or other optical materials may include increased
cost, complexity, clumping, dripping, settling, stratification,
and/or separation, which may result in a reduced conformity
and/or uniformity of the optical materials thus applied.

SUMMARY

Some embodiments of the present invention include light
emitting structures that include a semiconductor light emit-
ting diode (LED) including an active region. Embodiments
may include a conformal phosphor coating including a first
portion and a second portion, the first portion corresponding
to at least one surface of the LED and the second portion
extending from the first portion to form a conformal phosphor
wing arranged around an edge of the LED.

In some embodiments, the LED includes a first surface, at
least one side surface, and a second surface that is substan-
tially opposite the first surface and the conformal phosphor
wing includes at least one surface that is substantially parallel
to the second surface. Some embodiments provide that the
conformal phosphor wing includes a thickness of less than or
equal to about 100 um.

Some embodiments provide that the LED includes a tran-
sitional surface that defines a transition between the first
surface and the at least one side surface.

In some embodiments, the conformal coating includes a
first conformal coating that is applied to the LED and a second
conformal coating that is applied to the first conformal coat-
ing. The first and second conformal coatings may each
include light conversion particles that are configured to con-
vert a portion of light received from the LED. In some
embodiments, the first conformal coating includes first light
conversion particles having first light conversion properties
and the second conformal coating includes second light con-
version particles having second light conversion properties
that are different from the first light conversion properties.

Some embodiments of the present invention include meth-
ods for providing conformally coated light emitting devices.
Methods may include temporarily bonding multiple light
emitters to a bonding media. A conformal coating is applied
to the light emitters. The conformal coating may form in gap
areas between adjacent ones of the light emitters. The light
emitters may be separated into individual light emitters. The
individual light emitters may include the conformal coating
that extends to a space corresponding to respective gap areas.

Some embodiments include arranging the plurality of light
emitters proximate one another in at least one direction before
applying the conformal coating. In some embodiments,
arranging the light emitters includes arranging the light emit-
ters based on relative emission characteristics. Some embodi-
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ments provide that the light emitters include a first light
emitter having a first emission characteristic and a second
light emitter having a second light emission characteristic
that is different from the first light emission characteristic.
The conformal coating may be applied in a first thickness to
the first light emitter and a second thickness to the second
light emitter, such that the first and second thicknesses are
different from one another.

In some embodiments, the conformal coating includes a
first conformal coating having first light conversion proper-
ties and a second conformal coating having second light
conversion properties that are different from the first light
conversion properties. The first conformal coating may be
applied to the first light emitter and the second conformal
coating may be applied to the second light emitter.

Some embodiments provide that the light emitters may be
attached to a die sheet that is operable to support the light
emitters while applying the conformal coating. In some
embodiments, the light emitters may be removed from the die
sheet after applying the conformal coating and before sepa-
rating the light emitters.

Some embodiments provide that the light emitters may be
arranged based on relative emission characteristics thereof on
a die sheet that is operable to support the light emitters in a
two-dimensional array that groups light emitters having simi-
lar emission characteristics together.

Some embodiments provide that the bonding media
includes an adhesive bonding material and a support material
that are operable to maintain a bond to the light emitters at
temperatures of at least 150° C. In some embodiments, the
bonding media includes a high temperature tape that is oper-
able to bond the light emitters through a temperature greater
than 150° C.

Some embodiments provide that ones of the light emitters
include at least one wirebond conductor. In such embodi-
ments, the wirebond conductor(s) may be masked before
applying the conformal coating such that the conformal coat-
ing is not formed on the wirebond conductor(s).

In some embodiments, ones of the light emitters include at
least one solder bump bond. In such embodiments, the con-
formal coating may be removed from the solder bump
bond(s) to expose the solder bump bond(s) after applying the
conformal coating.

In some embodiments, separating the light emitters
includes mechanically breaking the conformal coating that is
in the respective gap areas between ones of the light emitters.
Some embodiments provide that separating the light emitters
includes cutting the conformal coating that is in the respective
gap areas between the ones of the light emitters.

In some embodiments, the conformal coating includes a
first conformal coating having first light conversion proper-
ties and a second conformal coating having second light
conversion properties that are different from the first light
conversion properties. The first conformal coating may be
applied to the emitters and then the second conformal coating
may be applied to the light emitters.

Some embodiments of the present invention include a light
emitting structure that includes a semiconductor light emit-
ting diode (LED) including an active region. The structure
may include a conformal coating including a first portion and
a second portion. The first portion may correspond to at least
one surface of the LED and the second portion may extend
from the first portion. In some embodiments, the second
portion of the conformal coating includes a ledge that is
substantially circumferentially arranged around the LED.

Some embodiments provide that the LED includes a first
surface, at least one side surface, and a second surface that is
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substantially opposite the first surface. The conformal coating
may include a first side and a second side such that the first
side of the first portion of the conformal coating is adjacent
the first surface and the at least one side surface. In some
embodiments, a first side of the second portion of the confor-
mal coating is substantially parallel to the second surface of
the LED.

In some embodiments, the LED includes a conductive
portion on the first surface of the LED and the conductive
portion is free of the conformal coating. Some embodiments
provide that the conductive portion includes at least one of a
solder bump bond and a wirebond conductor. In some
embodiments, the LED includes a transitional surface that
defines a transition between the first surface and the at least
one side surface.

Some embodiments provide that the LED is one of multiple
LEDs and the second portion of the conformal coating cor-
responds to conformal coating that was formed in at least one
gap between adjacent conformally coated ones of the LEDs.

In some embodiments, the conformal coating includes a
first conformal coating that is applied to the LED and a second
conformal coating that is applied to the first conformal coat-
ing. The first and second conformal coatings each may
include light conversion particles that are configured to con-
vert a portion of light received from the LED. Some embodi-
ments provide that the first conformal coating includes first
light conversion particles having first light conversion prop-
erties and the second conformal coating includes second light
conversion particles having second light conversion proper-
ties that are different from the first light conversion proper-
ties.

Some embodiments of the present invention include meth-
ods of providing conformally coated light emitters. Some
embodiments of such methods include bonding multiple light
emitters to a temporary bonding media that is operable to
maintain a bond to the light emitters at temperatures of at least
150° C. The bonded light emitters may be arranged proximate
one another based on relative emission characteristics
thereof. A conformal coating may be applied to the light
emitters and may be formed in gap areas between adjacent
ones of the light emitters. The light emitters are separated into
individual light emitters. The light emitters may include the
conformal coating that extends to a space corresponding to
respective gap areas.

Insome embodiments, the light emitters include a first light
emitter having a first emission characteristic and a second
light emitter having a second light emission characteristic
that is different from the first light emission characteristic.
Some embodiments provide that a first thickness of the con-
formal coating may be applied to the first light emitter and a
second thickness of the conformal coating may be applied to
the second light emitter. The second thickness may be differ-
ent than the first thickness.

In some embodiments, a first conformal coating having
first light conversion properties is applied to the first light
emitter and a second conformal coating having second light
conversion properties that are different from the first light
conversion properties is applied to the second light emitter.

Some embodiments provide that the light emitters are
removed from the die sheet after applying the conformal
coating and before separating the plurality of light emitters. In
some embodiments, the light emitters may be arranged based
on relative emission characteristics thereof on a die sheet that
is operable to support the light emitters in a two-dimensional
array that groups light emitters having similar emission char-
acteristics together.
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Some embodiments provide that applying the conformal
coating to the light emitters includes heating the light emitters
and applying the conformal coating to the heated light emit-
ters. In some embodiments, the conformal coating is cured
via thermal energy in the heated light emitters. Some embodi-
ments include, after applying the conformal coating to the
light emitters and before separating the light emitters, heating
the light emitters for a given time period to cure the conformal
coating.

Some embodiments of the present invention include meth-
ods of providing conformally coated light emitters. Some
embodiments of such methods include bonding multiple light
emitters to a temporary bonding media that is operable to
maintain a bond to the light emitters at temperatures of at least
150° C. Methods may include positioning a separation fixture
that includes grid wires between ones of the light emitters and
applying a conformal coating to the light emitters. The con-
formal coating may form in gap areas between adjacent ones
of'the light emitters and on portions of the grid wires therebe-
tween. The separation fixture may be removed from the light
emitters to provide separating lines in the conformal coating
between adjacent ones of the light emitters.

In some embodiments, a release agent may be applied to
the grid wires to inhibit local curing of the conformal coating
on the grid wire before applying the conformal coating.

Some embodiments of the present invention include light
emitting structures that include a semiconductor light emit-
ting diode (LED) that includes an active region including an
n-type layer and a p-type layer. The LED may include a light
emitting surface and a bonding surface that is opposite the
light emitting surface. An n-type pad and a p-type pad are
configured to be bonded to a bonding surface of a package
that provides electrical connection to the n-type layer via the
n-type pad and the p-type layer via the p-type pad. A confor-
mal phosphor coating is provided on at least the light emitting
surface.

In some embodiments, the n-type pad and the p-type pad
are coplanar with the bonding surface.

Some embodiments provide that the LED is wirebond free.

In some embodiments, the LED includes a plurality of
LEDS that each include the conformal phosphor coating.

Some embodiments provide that the LED is vertically ori-
ented and that the p-type layer is below the n-type layer.

In some embodiments, the conformal phosphor coating
includes a phosphor coating ledge extending from around an
edge of the LED. Some embodiments provide that the phos-
phor coating ledge includes at least one surface that is sub-
stantially parallel to the bonding surface of the LED. In some
embodiments, the phosphor coating ledge includes a thick-
ness of less than or equal to about 100 pm.

Some embodiments provide that the LED includes a side
surface and a transitional surface that defines a transition
between the light emitting surface and the at least one side
surface and that the conformal phosphor coating is formed on
the side surface and the transitional surface.

In some embodiments, the conformal phosphor coating
includes a first conformal coating that is applied to the LED
and a second conformal coating that is applied to the first
conformal coating. The first and second conformal coatings
may each include light conversion particles that are config-
ured to convert a portion of light received from the LED. In
some embodiments, the first conformal coating includes first
light conversion particles having first light conversion prop-
erties and the second conformal coating includes second light
conversion particles having second light conversion proper-
ties that are different from the first light conversion proper-
ties.
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It is noted that aspects of the invention described with
respect to one embodiment, may be incorporated in a differ-
ent embodiment although not specifically described relative
thereto. That is, all embodiments and/or features of any
embodiment can be combined in any way and/or combina-
tion. These and other objects and/or aspects of the present
invention are explained in detail in the specification set forth
below.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
certain embodiment(s) of the invention.

FIG. 1 is a schematic top view illustrating a bonding sur-
face and multiple semiconductor devices attached thereto
according to some embodiments of the present invention.

FIGS. 2A-2D are schematic side cross-sectional views
illustrating multiple semiconductors after respective opera-
tions for providing conformally coated semiconductor
devices according to some embodiments of the present inven-
tion.

FIGS. 3A-3D are schematic side cross-sectional views
illustrating multiple semiconductors including top-surface
electrically conductive contacts after respective operations
for providing conformally coated semiconductor devices
including top-surface electrically conductive contacts
according to some embodiments of the present invention.

FIG. 4 is a schematic side cross-sectional view illustrating
multiple conformally coated semiconductor devices accord-
ing to some embodiments of the present invention.

FIG. 5 is a magnified photograph illustrating multiple
semiconductor devices arranged according to some embodi-
ments of the present invention.

FIG. 6 is amagnified photograph illustrating a single one of
the multiple semiconductor devices in the photograph in FI1G.
5 according to some embodiments of the present invention.

FIGS. 7A-7B are magnified photographs illustrating top
and perspective views, respectively, of a conformally coated
semiconductor device that is separated from other ones of the
multiple semiconductor devices according to some embodi-
ments of the present invention.

FIG. 8 is schematic top view illustrating a substrate for
mounting a semiconductor device according to some embodi-
ments of the present invention.

FIG. 9 is a magnified photograph illustrating a top view of
a wafer including multiple substrates and conformally coated
semiconductor devices according to some embodiments of
the present invention mounted thereon.

FIG. 10 is a magnified photograph illustrating a top view of
a conformally coated semiconductor device mounted on a
wafer including multiple substrates according to some
embodiments of the present invention.

FIG. 11 is a flow chart illustrating operations for providing
a conformally coated semiconductor device according to
some embodiments of the present invention.

FIG. 12 is a flow chart illustrating operations for providing
a conformally coated semiconductor device according to
some embodiments of the present invention.

FIG. 13 is a flow chart illustrating operations for providing
a conformally coated semiconductor device according to
some embodiments of the present invention.

FIGS. 14A and 14B are cross sectional views illustrating
the dicing of conformally coated light emitting diode struc-
tures according to some embodiments of the invention.
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FIG. 15 is a schematic side cross-sectional view illustrating
a conformally coated semiconductor device and circulating
light conversion of light emitted therefrom according to some
embodiments of the present invention.

FIG. 16 is a top schematic view of a fixture for providing
separation channels between conformally coated semicon-
ductor devices according to some embodiments of the present
invention.

FIG.17 is a side view of a grid alignment post as used in the
fixture described in FIG. 16.

FIG. 18 is a side schematic cross-sectional view of a light
emitter attached to a temporary bonding medium according to
some embodiments of the present invention.

FIG. 19 is a cross-sectional view of embodiments of a
conformally coated light emitting diode that employ a trans-
parent anode contact that are mounted on a mounting sub-
strate in a flip-chip configuration according to various
embodiments.

DETAILED DESCRIPTION

Embodiments of the present invention now will be
described more fully hereinafter with reference to the accom-
panying drawings, in which embodiments of the invention are
shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like elements through-
out.

Some embodiments of the present invention relate to appli-
cation of an optical material to an optical element that is
mounted on a substrate. The optical element may include a
semiconductor light emitting device.

Various embodiments of the present invention for manu-
facturing and/or packaging a light emitter such as a semicon-
ductor light emitting device will be described herein. As used
herein, the term semiconductor light emitting device may
include a light emitting diode (LED), laser diode and/or other
semiconductor device which includes one or more semicon-
ductor layers, which may include silicon, silicon carbide,
gallium nitride and/or other semiconductor materials, a sub-
strate which may include sapphire, silicon, silicon carbide
and/or other microelectronic substrates, and one or more con-
tact layers which may include metal and/or other conductive
layers. In some embodiments, ultraviolet, blue and/or green
light emitting diodes may be provided. Red and/or amber
LEDs may also be provided. The design and fabrication of
semiconductor light emitting devices are well known to those
having skill in the art and need not be described in detail
herein.

For example, the semiconductor light emitting device may
be gallium nitride-based LEDs or lasers fabricated on a sili-
con carbide substrate such as those devices manufactured and
sold by Cree, Inc. of Durham, N.C. The present invention may
be suitable for use with LEDs and/or lasers as described in
U.S. Pat. Nos. 6,201,262; 6,187,606; 6,120,600, 5,912,477,
5,739,554; 5,631,190; 5,604,135; 5,523,589; 5,416,342,
5,393,993; 5,338,944; 5,210,051; 5,027,168; 5,027,168,
4,966,862 and/or 4,918,497, the disclosures of which are
incorporated herein by reference as if set forth fully herein.
Other suitable LEDs and/or lasers are described in published
U.S. Patent Publication No. US 2003/0006418 A1 entitled
Group III Nitride Based Light Emitting Diode Structures
With a Quantum Well and Superlattice, Group III Nitride
Based Quantum Well Structures and Group III Nitride Based
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Superlattice Structures, published Jan. 9, 2003, as well as
published U.S. Patent Publication No. US 2002/0123164 Al
entitled Light Emitting Diodes Including Modifications for
Light Extraction and Manufacturing Methods Therefor. Fur-
thermore, phosphor coated LEDs, such as those described in
U.S. Patent Publication No. 2004/0056260 A1, entitled Phos-
phor-Coated Light Emitting Diodes Including Tapered Side-
walls and Fabrication Methods Therefor, the disclosure of
which is incorporated by reference herein as if set forth fully,
may also be suitable for use in embodiments of the present
invention. The LEDs and/or lasers may be configured to oper-
ate such that light emission occurs through the substrate. In
such embodiments, the substrate may be patterned so as to
enhance light output of the devices as is described, for
example, in the above-cited U.S. Patent Publication No. US
2002/0123164 Al. Furthermore, the present invention may be
suitable for use with light emitting devices and methods
therefore, such as those described in U.S. Pat. Nos. 7,326,583,
7,442,564,7,521,728 and 7,646,035, the disclosures of which
are incorporated by reference as if set forth fully herein.

Optical materials may include wavelength converting
materials, luminescent materials, scattering particles, and/or
light filters, among others. Particles as discussed herein may
include small and/or large diameter particles. For example,
some embodiments provide that small particles can be about
5 microns or less mean diameter particle size and can include
nanoparticles. Large diameter particles can include about 15
microns or greater mean diameter size, such as, for example,
17 microns or greater.

Particles, such as phosphor particles, may be included and/
or suspended in a coating that may be conformally applied to
and/or deposited on a semiconductor device such as, for
example, an LED chip. In some embodiments, the conformal
coating may be applied by spraying, dipping and/or by a
mechanical application device including a brush, roll and/or
stamp, among others.

The amount of phosphor particles deposited on an LED
may impact the emission performance of the device. In this
regard, applying a conformal coating may provide more con-
sistent emission performance.

As used herein, the term “conformal coating” may include
a coating that has the same or different thicknesses on sur-
faces having different orientations. For example, a conformal
coating thickness on a top surface may be different than a
conformal coating on a side surface. Additionally, conformal
coating thicknesses may not be uniform on any of the coated
surfaces. In some embodiments, the thickness variations may
be intentionally configured to correspond to particular emis-
sion characteristics of an LED having a specific geometry
and/or may be a result of a coating method that is employed,
while still yielding an acceptable result. Some embodiments
provide that the coatings may include a surface roughness
with agglomerated particles that may create local thickness
variation. In some embodiments, other geometries on an
LED, such as three-dimensional light extraction features,
may become more planar after the conformal coating is
applied, depending on the size and thickness of the geometry.

Reference is now made to FIG. 1, which is a schematic top
view illustrating a bonding surface and multiple semiconduc-
tor devices attached thereto according to some embodiments
of'the present invention. As described herein, semiconductor
devices may include light emitters including, for example,
LEDs 100. The LEDs 100 may arranged on a bonding surface
120 proximate one another in at least one direction. For
example, as illustrated in FIG. 1, the LEDs 100 are arranged
on the bonding surface 120 in a two-dimensional array. In
some embodiments, the LEDs 100 may be arranged on the



US 9,166,126 B2

9

bonding surface 120 with a substantially consistent space
between adjacent ones of the LEDs 100. Some embodiments
provide that the space may be in a range between 50 and 250
um, although closer together and/or farther apart may be
possible. In some embodiments, the LEDs 100 may be spaced
apart a first distance in a first direction and a second distance
in a second direction that is different from the first direction.
In some embodiments, the LEDs 100 may be placed on the
bonding surface 120 according to previously determined
emission characteristics. Some embodiments provide that the
LEDs 100 are grouped into different groups and/or bins
according to emission characteristics, such as, for example,
color temperature, chromaticity, and/or luminance, among
others. In this regard, different zones 102A, 102B of the
bonding surface 120 may be defined such that LEDs 100
corresponding to specific groups and/or bins may be placed in
specific zones 102A, 102B and the location of the LEDs 100
on the bonding surface 120 may be mapped according to LED
emission characteristics. For example a first group of LEDs
100A that exhibit a first emission characteristic may be
arranged in a first zone 102A on the bonding surface 120 and
a second group of LEDs 100B may be arranged in a second
zone 102B on the bonding surface 120. Some embodiments
provide that the groups of LEDs 100 are sorted into groups
corresponding to narrow wavelength ranges such as ranges
from about 2.0 nm to about 3.0 nm. In some embodiments, the
groups may be sorted in wavelength ranges of about 2.5 nm.
Once the LEDs 100 are grouped according to emission
characteristics, different conformal coatings and/or combina-
tions thereof may be designated corresponding to the differ-
ent LED emission characteristics. For example, different con-
formal coatings may include different combinations of light
conversion materials, different quantities of layers, and/or
different layer thicknesses, among others. In this manner, an
increase in the overall uniformity of the emission character-
istics of the groups of LEDs 100 may be improved.
Reference is now made to FIGS. 2A-2D, which are sche-
matic side cross-sectional views illustrating multiple semi-
conductors after respective operations for providing confor-
mally coated semiconductor devices according to some
embodiments of the present invention. Referring to FIG. 2A,
multiple LEDs 100 may be arranged proximate one another
on a bonding surface 120. Some embodiments provide that
the bonding surface 120 may include a surface of a bonding
media 122. In some embodiments, the bonding media 122
may be a temporary bonding media that is operable to main-
tain the positions and/or arrangement of the LEDs 100 rela-
tive to one another during subsequent processing operations.
In some embodiments, the bonding media 122 may include
a high temperature tape and/or other flexible material that
may include and/or be supplemented with a bonding material.
Some embodiments provide that the LEDs 100 may be sorted
directly to the bonding media 122. In some embodiments, the
LEDs 100 may be arranged with a thin frame therebetween in
a high density arrangement. The LEDs 100 may be arranged
as a sorted die sheet wherein ones of the LEDs 100 having
similar emission characteristics are arranged together in a
tightly packed array. The LEDS 100 may then be transferred
from the sorted die sheet to the bonding media 122.
Referring now to FIG. 2B, a conformal coating 110 is
applied to the multiple LEDs 100 that are arranged on the
bonding surface 120. The conformal coating 110 is applied to
form a coating over the multiple LEDs 100 and the gaps 112
between adjacent ones of the multiple LEDs 100. The con-
formal coating 110 may include, for example, optical mate-
rials that are operable to modify and/or convert light emitted
from the LEDs 100. The conformal coating 110 may be
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applied to a large number of LEDs 100 in a batch operation
using, contact coating and/or spraying methods, among oth-
ers. The present invention may be suitable for use with phos-
phor coating systems and methods therefore, such as those
described in U.S. patent application Ser. No. 12/014,404 filed
Jan. 15, 2008, the disclosure of which is incorporated by
reference as if set forth fully herein. For example, a carrier
liquid containing optical materials may be conveyed to a
spray nozzle (not shown). The carrier liquid is sprayed onto
the LEDs 100 via the spray nozzle. In particular, pressurized
gas supplied to the spray nozzle through a high pressure gas
supply line (not shown) may atomize the carrier liquid and
direct the optical materials towards the LEDs 100 where the
optical materials are conformally deposited. Although illus-
trated as a single conformal coating 110, the conformal coat-
ing 110 may include multiple layers of conformal coatings
that may include the same and/or different compositions of
optical materials.

In some embodiments, operations corresponding to apply-
ing the conformal coating 110 may result in temperatures
greater than about 150° C. For example, operations, such as
those described in U.S. Patent Publication No. 2010/0155763
Al, entitled Systems And Methods For Application Of Opti-
cal Materials To Optical Elements, the disclosure of which is
incorporated by reference herein as if set forth fully, may also
be suitable for use in embodiments of the present invention.
Before the conformal coating 110 is applied, the LEDs 100
may be heated using any of a variety of heating devices and/or
heating technologies. In some embodiments, a first heating
device may provide an initial heating of the optical element
and then a second heating device may provide a maintenance
heating operation. In some embodiments, the LEDs 100 may
be heated to a temperature in a range of about 90 degrees
Celsius to about 155 degrees Celsius.

Some embodiments provide that optical materials may be
applied onto the heated LEDs 100 to provide a conformal
coating layer that is included in the conformal coating 110.
Some embodiments provide that the optical materials may be
applied suspended in a luminescent solution that may be
atomized using a flow of pressurized gas. The atomized lumi-
nescent solution may be sprayed onto the heated LEDs 100
using the flow of pressurized gas. For example, the optical
material may include wavelength conversion particles sus-
pended in a solution including a volatile solvent and a binder
material. Some embodiments provide that the volatile liquid
is evaporated via thermal energy in the heated LEDs 100. In
this manner a conformal layer of wavelength conversion par-
ticles may be provided on the LEDs 100 to form the confor-
mal coating 110. Some embodiments provide that the solu-
tion includes a nonvolatile liquid. In such embodiments, the
nonvolatile liquid may be cured via the thermal energy in the
heated LEDs 100.

Some embodiments provide that the conformal coating
110 may be cured and/or further cured after the optical mate-
rials are applied by heating the conformally coated LEDs 100
for a given time period in a post-application curing operation.
In some embodiments, the conformally coated LEDs 100
may be heated to a temperature of about 150 degrees Celsius
for a given time, although 150 degrees Celsius is provided as
a non-limiting example and other temperatures are contem-
plated herein. Some embodiments provide that the given time
may be about 1 hour, although this given time is provided by
way of non-limiting example. A post-application operation
may be performed in addition to and/or as an alternative to
heating the LEDs 100 prior to applying materials correspond-
ing to the conformal coating 110.
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In this regard, some embodiments provide that the bonding
between the bonding surface 120 and the LEDs 100 remains
functional to temperatures of at least 150° C. Some embodi-
ments provide that additional structural support may be pro-
vided to the bonding media 122 during the coating operations
to reduce thermally induced distortion of the bonding media
122. For example, a vacuum chuck (not shown) may be used
to support the bonding media 122 during the coating opera-
tion(s).

Referring to FIG. 2C, once the conformal coating 110 is
cured, the LEDs 100 may be removed from the bonding
surface 120 before singulation into separate LEDs 100 that
may be used individually. In some embodiments, the confor-
mal coating 110 that is in the gap 112 between adjacent ones
of the LEDs 100 may be etched, scribed and/or formed to
include a designated fracture line for separating the LEDs
100.

Some embodiments provide that the bonding media 122
includes an elastic property such that it can be deformed
and/or stretched at a greater rate than the LEDs 100 and/or the
conformal coating 110. In such embodiments, before the
LEDs 100 are removed from the bonding surface 120, the
bonding media 122 may be manipulated to cause the separa-
tion of the LEDs 100 from one another. For example, the
bonding media 122 may be stretched to provide a separating
force between adjacent ones of the LEDs 100. In some
embodiments, the bonding media 122 may be deplanarized to
provide a separating force between adjacent ones ofthe LEDs
100. For example, the bonding media 122 may be deformed
over one or more rollers oriented in one or more directions
relative to the bonding media to provide a separating force
between adjacent ones of the plurality of LEDs 100.

Referring to FIG. 2D, the multiple LEDs 100 may be
separated for individual use. Some embodiments provide that
the LEDs 100 may be separated by mechanically breaking the
conformal coating 110 that is in the gap 112 that is between
the LEDs 100. Some embodiments provide that the LEDs 100
may be separated by cutting the conformal coating 110 in the
gap 112 that is between the LEDs 100. For example, a sawing
device (not shown) may be used to separate the LEDs 100
from one another.

Once separated, each conformally coated LED 100 may
include a conformal coating ledge 104 that extends from the
base 102 of the LED 100 and that may have a bottom surface
105 that is substantially coplanar with the bottom surface 101
of the LED 100.

In this regard, embodiments herein include an LED 100
that includes a conformal coating 110 that includes a confor-
mal coating ledge portion 104 that extends from the base 102
of'the LED 100. Some embodiments provide that the confor-
mal coating ledge portion 104 may include a thickness in a
range from about 30 um to about 100 um, which may corre-
spond to a thickness range of the conformal coating 110. In
some embodiments, the conformal coating ledge portion 104
may be referred to as a conformal coating wing. As illustrated,
the LED 100 may include a first surface and at least one side
surface on which the conformal coating may be applied. The
LED 100 may include a second surface that is substantially
opposite the first surface. The conformal coating ledge 104
may extend from a base 102 on a side surface of the LED 100
out from the LED 100. Some embodiments provide that at
least one side of the conformal coating ledge 104 may be
substantially parallel with the second side of the LED 100.

In some embodiments, wherein the conformal coating 110
includes multiple layers of conformal coatings that may be
applied separately. For example, the conformal coating 110
may include a first conformal coating that is applied to the
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LED and a second conformal coating that is applied to the first
conformal coating. Some embodiments provide that the first
and second conformal coatings each include light conversion
particles that are configured to convert a portion of light
received from the LED. Some embodiments provide that the
first and second conformal coatings include light conversion
particles including different light conversion particles from
one another.

Reference is now made to FIGS. 3A-3D, which are sche-
matic side cross-sectional views illustrating multiple semi-
conductors including top-surface electrically conductive con-
tacts after respective operations for providing conformally
coated semiconductor devices including top-surface electri-
cally conductive contacts according to some embodiments of
the present invention. As discussed above regarding FIG. 2A,
multiple LEDs 100 may be arranged proximate one another
on a bonding surface 120 of a bonding media 122. An LED
100 of FIG. 3A may include at least one conductive portion
130 on the top side of the LED 100 that is opposite the bottom
side that is proximate the bonding surface 120. The conduc-
tive portions 130 may include solder bump bonds and/or
wirebond conductors among others. In some embodiments,
the conductive portions 130 may include patterned metal
features such as, for example, a die attach pad, a wire bond
pad, and/or electrodes, among others.

Similar to the description regarding F1G. 2B, a conformal
coating 110 is applied to the multiple LEDs 100 that are
arranged on the bonding surface 120. The conformal coating
110 is applied to form a coating over the multiple LEDs 100
including the conductive portions 130 and the gaps 112
between adjacent ones of the multiple LEDs 100.

Referring to FIG. 3B, a portion of the conformal coating
110 that covers the conductive portions 130 may be removed.
Some embodiments provide that removing the portion of the
conformal coating 110 may be removed via abrasion, etching,
and/or chemical-mechanical polishing (CMP), among others.
In some embodiments, a portion of the conductive portion
130 may also be removed. Some embodiments provide that
the quantity of conformal coating 110 and/or the conductive
portions 130 that are removed results in conductive contacts
130 that are substantially coplanar with the conformal coating
130 that remains on the top surface of the LEDs 100. In some
embodiments, the quantity of conformal coating 110 and/or
the conductive portions 130 that are removed results in con-
ductive contacts 130 that extend above a plane corresponding
to the conformal coating 130 that remains on the top surface
of the LEDs 100.

Referring to FIGS. 3C and 3D, the LEDs 100 may be
removed from the bonding surface 120 and separated from
one another into conformally coated LEDs 100 that may be
used individually. As discussed above regarding FIGS. 2C
and 2D, some embodiments provide that the LEDs 100 may
be separated from one another before being removed from the
bonding surface 120. Once separated and removed from the
bonding surface 120, each conformally coated LED 100 may
include a conformal coating ledge 104 that extends from the
base 102 of the LED 100 and at least one conductive portion
130 on the top of the LED 100.

Briefreference is now made to FIG. 4, which is a schematic
side cross-sectional view illustrating multiple conformally
coated semiconductor devices according to some embodi-
ments of the present invention. As illustrated, the LEDs 100
may include shapes and/or surfaces other than the substan-
tially planar top surfaces as described above. For example, the
LEDs 100 may include a transitional surface 106 that defines
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atransition from atop surface 107 to a side surface 108. Other
shapes and/or geometries are contemplated within the scope
of this disclosure as well.

Briefreference is now made to FIG. 5, which is a magnified
photograph illustrating multiple semiconductor devices
arranged according to some embodiments of the present
invention. The magnified photograph depicts a plurality of
LEDs 100 arranged adjacent one another and including a
conformal coating 110 that is formed on the LEDs 100. The
LEDs 100 are separated from one another by linear cuts 113
made by a saw applied therebetween. Similarly, referring to
FIG. 6, a magnified photograph illustrates a single one of the
multiple semiconductor devices in the photograph of FIG. 5.

Brief reference is now made to FIGS. 7A-7B, which are
magnified photographs illustrating top and perspective views,
respectively, of a conformally coated semiconductor device
that is separated from other ones of the multiple semiconduc-
tor devices according to some embodiments of the present
invention. As depicted, the conformally coated LED 100
includes a conformal coating ledge 104 that extends from the
side edge of the LED 100 around the periphery thereof.

Reference is now made to FIG. 8, which is schematic top
view illustrating a substrate for mounting a semiconductor
device according to some embodiments of the present inven-
tion. The substrate 140 includes the mounting portion 142.
Some embodiments provide that the mounting portion 142 is
surrounded by a relief portion 144, which may include a
trench formed in the substrate. The substrate 140 may further
include one or more metalized surfaces 124 and one or more
isolation channels 126 that may be formed therein.

Briefreference is now made to FIG. 9, which is a magnified
photograph illustrating a top view of a wafer including mul-
tiple substrates and conformally coated semiconductor
devices according to some embodiments of the present inven-
tion mounted thereon. Some embodiments provide that mul-
tiple regions are provided on the wafer 146 corresponding to
multiple substrates 140. As photographed, conformally
coated LEDs 100 are formed on each of the regions corre-
sponding to the multiple substrates 140. Additionally, refer-
ring to FIG. 10, a magnified photograph depicts a top view of
one of the conformally coated semiconductor devices 100
mounted a substrate 140 on the wafer of FIG. 9.

Reference is now made to FIG. 11, which is a flow chart
illustrating operations for providing a conformally coated
semiconductor device according to some embodiments of the
present invention. Operations may include applying a confor-
mal coating to multiple light emitters, such as LEDs (block
210). The conformal coating may be formed in gap areas
between adjacent ones of the light emitters. In some embodi-
ments, the conformal coating may be applied in more than
one layer. Each of the multiple layers may include the same
and/or different optical materials that include the same and/or
different respective light conversion properties.

In some embodiments, the light emitters may include at
least one wirebond conductor. In such embodiments, before
applying the conformal coating, the wirebond conductor(s)
may be masked so that the conformal coating is not formed
thereon.

Some embodiments provide that the light emitters may
include at least one solder bump bond. After applying the
conformal coating to the light emitters, a portion of the con-
formal coating may be removed from the solder bump
bond(s) to expose a conductive surface. In some embodi-
ments, a portion of the solder bump bond may be removed in
the process of removing the portion of the conformal coating.

Operations may include separating the light emitters into
individual conformally coated light emitters (block 212). As
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described above, the conformal coating may extend into a
space corresponding to gap areas between the light emitters.
Once separated, the conformal coating may include a confor-
mal coating ledge that extends from the sides of the light
emitter. Some embodiments provide that separating the light
emitters includes mechanically breaking the conformal coat-
ing that is in the respective gap areas between ones of the light
emitters.

In some embodiments, a wire grid may be provided
between adjacent ones of the light emitters before the confor-
mal coating is applied. The wire grid may include and/or be
treated with a release agent, such as, for example, a mold
release, so that the conformal coating does not adhere thereto.
Once the conformal coating is applied, the wireform may be
removed. In this manner, the light emitters may be substan-
tially separated from one another. Some embodiments pro-
vide that separating the light emitters includes cutting the
conformal coating that is in the respective gap areas between
the ones of the light emitters. For example, a sawing device
may be used to cut lines in the conformal coating between the
light emitters.

In some embodiments the light emitters are arranged proxi-
mate one another before applying the conformal coating to
the light emitters (block 214). For example, the light emitters
may be arranged to be adjacent one another in one or more
directions. In some embodiments, the light emitters are
arranged in a two-dimensional array and may be grouped
corresponding to relative emission characteristics of the ones
of'the plurality of light emitters. In this manner, light emitters
may be arranged in a two-dimensional array that groups light
emitters having similar emission characteristics together. For
example, light emitters including a first emission character-
istic may be grouped together in a first group and light emit-
ters having a second different emission characteristic may be
grouped into a second group that arranged to be in a different
portion of the array. Some embodiments provide that the
emission characteristics may be defined in terms of chroma-
ticity bins, among others.

Some embodiments provide that the light emitters are
attached to a die sheet that is operable to support the light
emitters while the conformal coating is applied. In some
embodiments, the light emitters may be arranged using the
sorted die sheet and then transferred to a bonding surface for
application of the conformal coating.

The conformal coating may be applied in a first thickness to
the first group of light emitters and a second thickness that is
different from the first thickness to the second group of light
emitters. In some embodiments, the different thicknesses
may be applied using different respective quantities of layers
of conformal coating.

Some embodiments provide that a first conformal coating
having first light conversion properties is applied to the first
group of light emitters and a second conformal coating having
second different light conversion properties is applied to the
second group of light emitters. By providing different thick-
nesses and/or coating materials to light emitters having dif-
ferent emission characteristics, conformally coated light
emitters may realize increased uniformity in emission char-
acteristics. Some embodiments provide that the composition
of different thicknesses and/or layers of conformal coating
may be determined with and/or without intervening measure-
ment of emission characteristics. The present invention may
be suitable for use with devices and methods such as those
described in U.S. Patent Publication No. 2003/0089918, the
disclosure of which is incorporated by reference as if set forth
fully herein.
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After the conformal coating is applied, the light emitters
are removed from the die sheet (block 216). Some embodi-
ments provide that the light emitters are separated from one
another prior to being removed from the die sheet. In some
embodiments, the light emitters are removed from the die
sheet before they are separated into individual light emitters.
For example, the light emitters may be temporarily bonded to
a bonding media before applying the conformal coating
thereto (block 218).

In some embodiments, the bonding media includes an
adhesive bonding material and a support material that are
operable to maintain a bond to the light emitters at tempera-
tures corresponding to subsequent processing operations. For
example, the bonding and support material may be functional
at temperatures of at least 150° C. Some embodiments pro-
vide that the bonding media includes a high temperature tape
that is operable to bond the light emitters through tempera-
tures greater than 150° C.

Reference is now made to FIG. 12, which is a flow chart
illustrating operations for providing a conformally coated
semiconductor device according to some embodiments of the
present invention. Operations include bonding multiple light
emitters to a temporary bonding media (block 220). Some
embodiments provide that the temporary bonding media is
operable to maintain a bond to the emitters at temperatures of
atleast 150° C. In some embodiments, the bonded light emit-
ters are arranged proximate one another based on relative
emission characteristics. Some embodiments provide that the
light emitters are arranged on a die sheet that may support the
light emitters in a two-dimensional array that groups light
emitters having similar emission characteristics together.

Operations may include applying a conformal coating to
the light emitters and the gap areas between adjacent ones of
the light emitters (block 222). According to some embodi-
ments, the conformal coating includes optical materials that
may be sprayed onto the light emitters. Some embodiments
provide that the conformal coating is applied using applica-
tion techniques such as pouring, dipping, rolling, brushing
and/or stamping, among others. The optical material may
include wavelength conversion particles suspended in a solu-
tion including a volatile solvent and a binder material. Some
embodiments provide that the volatile liquid is evaporated
via, for example, thermal energy. Some embodiments provide
that the solution includes a nonvolatile liquid that may be
cured via, for example, thermal energy.

Where a first group of light emitters has first light emission
characteristics and a second group of light emitters has sec-
ond emission characteristics, the conformal coating may be
selectively applied thereto. For example, some embodiments
include applying a first thickness of the conformal coating to
the first group of light emitters and a second thickness of the
conformal coating to the second group of light emitters. In
this manner, the difference in emission characteristics
between the first and second groups of light emitters may be
reduced by the difference in the thickness of the conformal
coating applied thereto. Additionally, some embodiments
include applying a first conformal coating that has first light
conversion properties to some or all of the light emitters and
then applying a second conformal coating that has second
different light conversion properties to some or all of the light
emitters.

Some embodiments provide that a first conformal coating
having first light conversion properties may be applied to the
first group of light emitters and a second conformal coating
having second different light conversion properties may be
applied to the second group oflight emitters. In some embodi-
ments, the conformal coating may be multiple layers of con-
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formal coatings that may be different and/or substantially the
same in thickness and/or composition. For example, diftferent
combinations of thickness and/or composition of conformal
coatings may be applied to different groups of light emitters.
Although first and second groups of light emitters are dis-
cussed herein by way of example, operations as disclosed
herein may be applied to more than two groups of light
emitters. Further, some embodiments provide that the light
emitters are not arranged in groups and may be processed
similarly as batches.

Operations may include separating the light emitters into
individual conformally coated light emitters that include the
conformal coating that extends to a space corresponding to
respective gap areas (block 224). For example, conformal
coating ledges may be formed around the sides of the indi-
vidual light emitters. Some embodiments provide that the
light emitters may be separated by mechanically breaking the
conformal coating that is in the respective gap areas between
ones of the light emitters. In some embodiments, the light
emitters may be separated by cutting the conformal coating
that is in the respective gap areas between the ones of the
plurality of light emitters. Some embodiments provide that
the light emitters may be removed from the die sheet and/or
bonding surface before the light emitters are separated from
one another (block 226).

Reference is now made to FIG. 13, which is a flow chart
illustrating operations for providing a conformally coated
semiconductor device according to some embodiments of the
present invention. Operations corresponding to blocks 220,
224 and 226 are discussed above with reference to FIG. 12, a
redundant discussion of which will not be provided. Some
embodiments provide that before the conformal coating is
applied, the light emitters are heated (block 228). By heating
the light emitters before applying the conformal coating, the
conformal coating may cure via thermal energy in the light
emitters.

In some embodiments, after the conformal coating is
applied and before the light emitters are separated, the light
emitters may be heated to a given temperature for a given time
(block 230). Some embodiments provide that the conformally
coated light emitters may be heated to a temperature in a
range of about 90 degrees Celsius to about 155 degrees Cel-
sius. In some embodiments, the conformally coated light
emitters may be heated for a given number of minutes and/or
hours. In a non-limiting example, the conformally coated
light emitters may be heated for about one hour. Some
embodiments provide that heating the light emitters before
applying the conformal coating and heating the conformally
coated light emitters may be performed alternatively and/or in
conjunction with one another.

Reference is now made to FIGS. 14A and 14B, which are
cross sectional views illustrating the dicing of conformally
coated light emitting diode structures according to some
embodiments of the invention. As shown therein, multiple
light emitters 100 may include a conformal coating 110
thereon. Some embodiments provide that the light emitters
100 are conformally coated on a die sheet and/or bonding
surface, from which the light emitters 100 are removed before
separation. Regions or gaps 112 between the light emitters
100, may correspond to saw streets that may be formed in the
conformal coating 110. A separating structure 250 may be
applied to the conformal coating 110 in the gaps 112 between
the light emitters 100. Referring to FIG. 14B, the conformally
coated individual light emitters 100 may include a conformal
coating ledge 104 that extends from the sides of the light
emitters 100.
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Reference is now made to FIG. 15, which is a schematic
side cross-sectional view illustrating a conformally coated
semiconductor device and circulating light conversion of
light emitted therefrom according to some embodiments of
the present invention. The conformally coated light emitter
100 is operable to emit light 160. A portion of the light 160
may pass through the conformal coating 110. A converted
portion of light 162 may result from the light conversion
properties of the conformal coating 110. Some embodiments
provide that a portion of the emitter generated light is
reflected internally, which may result in circulating light 164.
By including the conformal coating ledge 104 on the sides of
the light emitter 100, an increased portion of the side emitted
circulating light 164 may be converted. In this manner, addi-
tional converted light 166 may be produced, which may have
a boosting effect of the overall light conversion. Further, a
uniformity in combined emission characteristics may be
increased at greater emission angles.

As illustrated in FIG. 15, the conformal coating 110 may
include multiple optical material particles 400A through
400C having multiple different sizes, shapes, and surface
features. For example, in contrast with the substantially pla-
nar surface illustrated throughout, the conformal coating may
include surface textures that correspond to the optical mate-
rial particles 400A through 400C. For example, by way of
example, small, medium and large optical material particles,
400a, 400B and 400C, respectively are illustrated. Addition-
ally, the surface of the conformal coating 110 may be irregular
by virtue of variances in particle sizes, shapes, positions
and/or surface textures.

Reference is now made to FIG. 16, which is a top schematic
view of a fixture for providing separation channels between
conformally coated semiconductor devices according to
some embodiments of the present invention. The fixture 300
includes a substantially rigid support member 302 that
includes surface that is operable to receive multiple grid
alignment posts 310. The grid alignment posts 310 may be
mounted to the support member 302 with spaces therebe-
tween that correspond to a dimension of light emitters 100
conformally coated. In some embodiments, the grid align-
ment posts 310 may be dimensioned corresponding to a
dimension of the light emitters 100. For example, if the light
emitters 100 are 1.0 mm square then the grid alignment posts
may have a diameter of about 1.0 mm or slightly larger.

A grid wire 320 is wound around the grid alignment posts
310 to form a grid pattern that corresponds to multiple light
emitters 100 that may be on a die sheet and/or a temporary
bonding surface 120. In some embodiments, the grid wire 320
may be tensioned using any number of a variety of tensioning
devices (not shown), including wrapped post frictional and/or
ratcheting type devices and/or spring biased attachment
points, among others. Some embodiments provide that the
diameter of the grid wire 320 may be 0.002", however, other
sizes and/or dimensions of grid wire are contemplated herein.
For example, the grid wire 320 may be smaller or larger than
0.002" and may include a circular or a non-circular cross-
sectional area. The grid wire 320 may be metallic including,
but not limited to alloys including gold and/or a hardened
steel, among others.

The grid wires 320 may be treated and/or sprayed with a
mold release agent or substance to cause local cure inhibition
at the wire site. In this manner, any conformal coating that is
applied to the light emitters 100 in the grid that is defined by
the grid wires 320 may not cure on the grid wires 320. Once
the conformal coating is applied to the light emitters 100, the
fixture may be removed leaving substantially separated con-
formally coated light emitters 100 that may include the con-
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formal coating ledge as described above. Some embodiments
provide that the dimensions of the conformal coating ledges
may be regulated by the dimensions of the grid wire 320.

Briefly referring to FIG. 17, which is a side view of a grid
alignment post 310, a groove 312 may be provided at a spe-
cific height in the grid alignment post 310 to maintain a
consistent position of a grid wire 320. In this regard, the
groove 312 may include a diameter that corresponds to a
dimension of the light emitters 100.

Once the wire grid is removed from the light emitters 100,
some embodiments provide that the bonding surface 120 may
be stretched and/or deformed to cause any additional separa-
tion of the light emitters 100 that may be warranted.

Reference is now made to FIG. 18, which is a side sche-
matic cross-sectional view of a light emitter attached to a
temporary bonding medium according to some embodiments
of'the present invention. As discussed above, prior to coating,
a light emitter 100 may be attached to a temporary bonding
media 340. The temporary bonding media 340 may include a
backing portion 344 that is configured to withstand high
temperatures such as at least 150° C., 175° C., and/or 20° C.
For example, the backing portion may include polyimide
and/or polyethylene terephthalate (PET), among others. The
backing portion 344 may be a substantially rigid, deformable
and/or flexible sheet and/or strip that includes a first side and
a second side. An adhesive layer 342 may be provided on the
first side of the backing portion 344 to retain and/or tempo-
rarily support the light emitter 100 in a specific position.

Some embodiments provide that the adhesive layer 342
includes a thickness that is sufficient to deform to, cover
and/or protect any topology of the bonding surface of the light
emitter 100. For example, the light emitter 100 may include
one or more metal electrodes 103 on the bonding surface
thereof. To prevent any of the coating material that may be
subsequently applied to the light emitter 100 from contacting
and thus contaminating the bonding surface and/or the metal
electrodes 103, the thickness of the adhesive layer 342 may be
sufficiently thick to envelop the metal electrodes 103 when
the light emitter is bonded thereto.

In some embodiments, the adhesive layer may include an
ultraviolet (UV) type adhesive and may be provided in a
thickness including about 15 um to about 25 um, however,
such thickness range is merely provided as an example. Some
embodiments provide that bonding to the adhesive layer 342
may be performed at an elevated temperature and/or under
increased pressure to increase the receptiveness of the adhe-
sive layer. For example, increased temperatures and/or pres-
sure may soften the adhesive layer 342 and/or cause the
adhesive material 342 to reflow to some degree.

FIG. 19 is a cross-sectional view of embodiments of a light
emitting diode that employ a transparent anode contact that
are mounted on a mounting substrate in a flip-chip configu-
ration according to various embodiments. It will also be
understood that any of the other embodiments described and/
or illustrated herein may be mounted on a mounting substrate
in a flip-chip configuration.

Referring to FIG. 19, a light emitting diode may include a
diode region 1110 having first and second opposing faces
11104, 111054, respectively, and including therein an n-type
layer 1112 and a p-type layer 1114. Other layers or regions
1116 may be provided which may include quantum wells,
buffer layers, etc., that need not be described herein. The
diode region 1110 also may be referred to herein as an “LLED
epi region”, because it is typically formed epitaxially on a
substrate 1120. For example, a Group III-nitride based LED
epi 1110 may be formed on a silicon carbide growth substrate
1120.
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An anode contact 1130, also referred to as a “p-contact”,
ohmically contacts the p-type layer 1114 and extends on the
first face 1110a of the diode region 1110. The anode contact
1130 may extend to a greater or less extent on the p-type layer
1114 than illustrated in FIG. 19. A transparent insulating
layer 1140 also extends on the first face 1110a outside the
anode contact 1130. A reflective cathode contact 1150, also
referred to as an “n-contact” electrically contacts the n-type
layer 1112 and extends through the transparent insulating
layer 1140 and onto the transparent insulating layer 1140 that
is outside the anode contact 1130. In some embodiments, the
reflective cathode contact 1150 may directly and ohmically
contact the n-type layer 1112. In other embodiments, how-
ever, a thin ohmic contact layer, such as a layer of titanium,
may provide the actual ohmic contact to the n-type layer
1112. The transparent insulating layer 1140 and the reflective
cathode contact 1150 can provide a hybrid reflective structure
or “hybrid mirror”, wherein the underlying transparent insu-
lating layer 1140 provides an index refraction mismatch or
index step to enhance the total internal reflection (TIR) from
the reflective layer 1150 compared to absence of the under-
lying transparent insulating layer 1140. It will also be under-
stood that, in other embodiments, the transparent insulating
layer 1140 may comprise multiple sublayers, such as oxide
and nitride sublayers to provide, for example, a distributed
Bragg reflector. Moreover, the reflective cathode contact
1150 may also include a plurality of sublayers.

As also shown in FIG. 19, in some embodiments, a via
1118 extends into the first face 1110a to expose the n-type
layer 1112, and the transparent insulating layer 1140 extends
into the via 1118. Moreover, the reflective cathode contact
1150 also extends on the transparent insulating layer 1140
into the via 1118, to electrically, and in some embodiments
ohmically, contact the n-type layer 1112 that is exposed in the
via 1118.

An anode pad 1160 also is provided that is electrically
connected to the anode contact 1130. A cathode pad 1170 is
also provided that is electrically connected to the reflective
cathode contact 1150. As shown, the anode and contact pads
1160 and 1170 extend on the first face 11104 in closely
spaced apart relation to one another, to define a gap 1172
therebetween. Some embodiments provide that the gap 1172
may be filled with an insulator. In any embodiments illus-
trated herein, the gap 1172 may occur at any desired position
and is not limited to the position illustrated herein. In some
embodiments, the cathode pad 1170 may be made as large as
possible, so that it can be directly coupled to a grounded heat
sink for enhanced thermal dissipation in a flip-chip mounting
configuration, without the need for an intervening electrically
insulating layer that could reduce thermal efficiency.

A transparent substrate, such as a transparent silicon car-
bide, growth substrate 1120, may be included on the second
face 11105 of the diode region 1110. The transparent sub-
strate 1120 may include beveled sidewalls 1120a and may
also include an outer face 11205 that is remote from the diode
region 1110. Some embodiments provide that the outer face
11205 may be textured. The thickness of the substrate 1120,
the resistivity of the substrate, geometry of the sidewalls
11204 and/or the texturing of the outer face 11205 may be
configured to enhance the far field emission of radiation from
the diode region 1110 through the substrate 1120. The emis-
sion from the diode region 1110 may take place directly from
the diode region 1110 through the substrate 1120 and may
also take place by reflection from the reflective cathode con-
tact 1150 back through the diode region 1110 and through the
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substrate 1120. In some embodiments, reflection may also
take place from the anode contact 1130, as will be described
in detail below.

In some embodiments, when the transparent substrate
1120 is sapphire, Patterned Sapphire Substrate (PSS) tech-
nology may be used to texture the interface between the
sapphire substrate 1120 and the diode region 1110, as shown
by the jagged interface between the substrate 1120 and the
second face 11105 of the diode region 1110. As is well
known, PSS technology may provide texture features that
may be, for example, about 3 um in size on an about 5 um
pitch. The use of PSS technology can enhance the extraction
efficiency between the gallium nitride-based diode region
1110 and the index mismatched sapphire substrate 1120.

Accordingly, some embodiments of the invention can pro-
vide an LED that is suitable for flip-chip mounting, wherein
the anode pad 1160 and the cathode pad 1170 are mounted on
a supporting substrate, such as a printed circuit board or other
wiring board, and emission of light takes place through the
substrate 1120 remote from the anode pad 1160 and the
cathode pad 1170. Thus, a lateral LED may be provided
wherein both the anode contact 1130 and the cathode contact
1150 extend on a given face of the diode region (i.e., the first
face 1110a), and emission takes place remote from the anode
and cathode contacts 1130 and 1150, respectively, through
the second face 11104 of the diode region, and through the
substrate 1120. In other embodiments, the substrate 1120
may be removed so that emission takes place directly from the
second face 11106 of the diode region 1110.

Some embodiments provide that the geometry of the sub-
strate 1120 may be configured to provide a desired far field
emission pattern, such as Lambertian emission. Moreover,
texturing may take place on the sidewalls 1120a and/or on the
outer face 11205 of the substrate 1120. Many different con-
figurations of texturing may be used including random tex-
turing, microlenses, microarrays, scattering regions and/or
other optical regions. Different texturing on the outer face
11205 of the substrate can provide an orientation indicator
that can allow pick-and-place equipment to correctly orient
the LED for packaging, even if the structure of the LED is not
“visible” to the pick-and-place equipment through the tex-
tured substrate.

In particular, referring to FIG. 19, the anode contact is a
transparent anode contact 1130" that ohmically contacts the
p-type layer 1114 and extends on the first face 1110a. It will
be understood that the transparent anode contact 1130" may
extend to a greater or lesser extent than illustrated. In some
embodiments, the transparent ohmic contact for the p-type
Group II-nitride layer 1114 may be a transparent conductive
oxide, such as indium tin oxide (ITO) and, in some embodi-
ments, may be about 2500 A thick. The ITO may be at least
90% transparent in the wavelengths of interest. It will be
understood that the ITO may include other materials therein,
such as nickel or aluminum. A current spreading layer 1330,
also referred to as “current spreading fingers”, may be pro-
vided on a portion of the transparent anode contact 1130".
The current spreading layer 1330 may comprise, for example,
a sublayer of platinum (Pt) about 500 . ANG. thick, a sublayer
oftitanium (Ti) about 500 .ANG. thick and a sublayer of gold
(Au) about 0.5 um thick, to provide a “Pt/Ti/Au” current
spreading layer 1330.

Inembodiments of FIG. 19, the transparent insulating layer
1140 extends onto the transparent anode contact 1130" and
the reflective cathode contact 1150 also extends onto the
transparent insulating layer 1140 that is on the transparent
anode contact 1130" as shown by 11504. In some embodi-
ments, as also shown in FIG. 19, the transparent insulating
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layer 1140 extends onto the transparent anode contact 1130"
that is outside the portion on which the current spreading
layer 1330 is provided, and the reflective cathode contact
1150 also extends onto the transparent insulating layer 1140
that is on the transparent anode contact 1130" outside this
portion. Thus, an integrated n-contact hybrid mirror is pro-
vided that reflects light that passes through the transparent
anode contact 1130" back into the diode region 1110. It will
also be understood thatin embodiments of FIG. 19, the reflec-
tive cathode contact 1150 may makes direct ohmic contact
with the n-type layer 1112.

Accordingly, embodiments of FIG. 19 can provide a reflec-
tive structure that comprises a reflective surface of the cath-
ode contact 1150 that ohmically contacts the n-type layer
1112 and a reflective surface of an extension 1150a of the
cathode contact 1150 that extends onto the transparent anode
contact 1130", in combination with the transparent insulating
layer 1140. From a total internal reflection standpoint, since
the transparent anode contact 1130" also has a lower index of
refraction than the diode region (index of refraction of about
1.94 for ITO), the index mismatch enhances TIR based on
Snell’s law. The transparent insulating layer 1140 that is on
the transparent anode contact 1130" can further enhance TIR
by providing an even lower index of refraction of about 1.5.

Thus, from the standpoint of reflection from the diode
region 1110, only the current spreading layer 1330 may
absorb light. Since the current spreading layer is a small
portion of the surface area of the first face, embodiments of
FIG. 19 may also provide a reflective structure that reflects
light that emerges from at least 90% of the area of the first
face, and in some embodiments, from at least 93% of'the area
of the first face. In other words, at least 90% of the diode face
is covered by mirror. Moreover, the mirror may have at least
90% efficiency. It will also be understood that the current
spreading layer 1330 on the transparent anode contact 1130"
may be less absorbing than the current spreading layer 1330
alone. In particular, due to the index of refraction change at
the ITO/GaN interface, the current spreading layer 1330 may
be less absorbing on an angle average basis than the current
spreading layer 1330 alone. This provides an additional ben-
efit to using ITO as the N—GaN contact so that a metallic
layer is not directly on the semiconductor.

The potentially negative impact of the current spreading
layer may also be reduced by reducing the light hitting the
metal current spreading layer by quenching the p-GaN under
the current spreading layer 1330 so that the light hitting that
area mostly comes from an angle that is outside the region
directly under the current spreading layer 1330. Thus, some
embodiments can also incorporate a reduced conductivity
region in a p-type layer that are congruent with nearby more
opaque features, such as the current spreading layer, as
described in U.S. Patent Application Publication No. 2008/
0217635, the disclosure of which is hereby incorporated by
reference in its entirety as if set forth fully herein.

Still referring to FIG. 19, an insulating layer 1340, such as
a second layer of silicon dioxide about 0.5 um thick, may be
provided on the reflective cathode contact 1150. An anode
pad 1160 and a cathode pad 1170 may be provided to elec-
trically connect to the current spreading layer 1330 and the
reflective cathode contact 1150, respectively. In embodi-
ments of FIG. 19, the insulating layer 1340 may prevent the
anode and cathode contact pads 1160 and 1170 from short
circuiting one another. In other embodiments, however, the
anode 1160 and cathode 1170 pads may be formed directly on
the current spreading layer 1330 and directly on the reflective
cathode contact 1150, and may be spaced apart so as to
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provide a gap 1172 therebetween. Many other configurations
of'anode pads 1160 and cathode pads 1170 may be provided
in other embodiments.

Referring still to FIG. 19, a mounting substrate 1210, such
as an insulating mounting substrate comprising, for example,
aluminum nitride (AIN), may be used to mount the LED as
described above thereon in a flip-chip configuration, such that
the anode and cathode contacts 1160 and 1170 are adjacent
the mounting substrate 1210 and the diode region 1110 is
remote from the mounting substrate 1210. Conductive traces
1216 and 1218 may be used to provide external connections
for the diode. The conductive traces 1216, 1218 may be
electrically and thermally connected to the contacts 1160,
1170 using solder or other die attach material 1220. More-
over, the area occupied by the cathode contact 1170 may be
enlarged, and in some embodiments maximized, whereas the
area occupied by the anode contact 1160 may be reduced, and
in some embodiments minimized. By providing a large area
for the cathode contact 1170, the cathode contact 1170 may
be directly electrically coupled to a grounded copper slug
1214 or other heat sink material, to provide enhanced thermal
efficiency for the package. An intervening electrically insu-
lating layer that could reduce thermal efficiency is not needed.

In flip-chip mounting an LED, the provision of a reflective
structure, such as the reflective cathode contact 1150 that
covers substantially the entire first face of the diode, and is
configured to reflect substantially all light that emerges from
the first face back into the first face, may be beneficial. In
particular, in a flip-chip configuration, light that is not
reflected back towards the first face may be substantially lost,
because the mounting substrate 1210 may be substantially
absorbing. Accordingly, to enhance and/or maximize light
emission through the substrate 1120 in a flip-chip configura-
tion, it may be desirable to increase or maximize the area of
the first face that is covered by the mirror using various
embodiments described herein.

Some embodiments provide that the substrate 1120 may
include an edge portion 1125 extending from a lower portion
of the substrate 1120. For example, the edge portion 1125
may be formed as an annular lip and/or ledge that extends
beyond and/or from the beveled sidewalls 1120a. In some
embodiments, the edge portion 1125 may be a result of a
separating operation corresponding to a plurality of LEDS
that are batch processed.

In some embodiments, a conformal coating 110 as dis-
cussed herein may be provided on the sidewalls 1120a and the
outer face 11205. The conformal coating 110 is applied to
form a coating over the LED and may include, for example,
optical materials that are operable to modify and/or convert
light emitted from the LED. The conformal coating 110 may
be applied to a large number of LEDs in a batch operation
using, contact coating and/or spraying methods, among oth-
ers.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, these
elements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first element could be termed a second element,
and, similarly, a second element could be termed a first ele-
ment, without departing from the scope of the present inven-
tion. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
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further understood that the terms “comprises,” “comprising,”
“includes” and/or “including” when used herein, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms used herein should be interpreted as having a
meaning thatis consistent with their meaning in the context of
this specification and the relevant art and will not be inter-
preted in an idealized or overly formal sense unless expressly
so defined herein.

It will be understood that when an element such as a layer,
region or substrate is referred to as being “on” or extending
“onto” another element, it can be directly on or extend
directly onto the other element or intervening elements may
also be present. In contrast, when an element is referred to as
being “directly on” or extending “directly onto” another ele-
ment, there are no intervening elements present. It will also be
understood that when an element is referred to as being “con-
nected” or “coupled” to another element, it can be directly
connected or coupled to the other element or intervening
elements may be present. In contrast, when an element is
referred to as being “directly connected” or “directly
coupled” to another element, there are no intervening ele-
ments present.

Relative terms such as “below” or “above” or “upper” or
“lower” or “horizontal” or “lateral” or “vertical” may be used
herein to describe a relationship of one element, layer or
region to another element, layer or region as illustrated in the
figures. It will be understood that these terms are intended to
encompass different orientations of the device in addition to
the orientation depicted in the figures.

Embodiments of the invention are described herein with
reference to cross-section illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of the invention. The thickness of layers and
regions in the drawings may be exaggerated for clarity. Addi-
tionally, variations from the shapes of the illustrations as a
result, for example, of manufacturing techniques and/or tol-
erances, are to be expected. Thus, embodiments of the inven-
tion should not be construed as limited to the particular shapes
of regions illustrated herein but are to include deviations in
shapes that result, for example, from manufacturing.

In the drawings and specification, there have been dis-
closed typical embodiments of the invention and, although
specific terms are employed, they are used in a generic and
descriptive sense only and not for purposes of limitation, the
scope of the invention being set forth in the following claims.

What is claimed is:

1. A light emitting structure, comprising:

a semiconductor light emitting diode (LED) comprising an

active region; and
a conformal phosphor coating comprising a first portion
and a second portion, the first portion corresponding to
at least one surface of the LED and the second portion
extending from the first portion to form a conformal
phosphor wing arranged around an edge of the LED,
wherein the conformal phosphor wing coating includes
a thickness in a range of about 30 um to about 100 um;

wherein the conformal phosphor coating comprises a first
conformal coating that is applied to the LED and a
second conformal coating that is applied to the first
conformal coating.
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2. The light emitting structure according to claim 1,

wherein the LED includes a first surface, at least one side

surface, and a second surface that is substantially oppo-
site the first surface, and

wherein the conformal phosphor wing includes at least one

surface that is substantially parallel to the second sur-
face.

3. The light emitting structure according to claim 1,
wherein the LED comprises a transitional surface that defines
a transition between the first surface and the at least one side
surface.

4. The light emitting structure of claim 1,

wherein the first and second conformal coatings each com-

prise light conversion particles that are configured to
convert a portion of light received from the LED.

5. The light emitting structure according to claim 1,

wherein the first conformal coating comprises first light

conversion particles having first light conversion prop-
erties, and

wherein the second conformal coating comprises second

light conversion particles having second light conver-
sion properties that are different from the first light con-
version properties.

6. A light emitting structure, comprising:

a semiconductor light emitting diode (LED) comprising an

active region; and
a conformal coating comprising a first portion and a second
portion, the first portion corresponding to at least one
surface of the LED and the second portion extending
from the first portion to form a conformal coating ledge,

wherein the second portion of the conformal coating
includes a thickness in a range of about 30 um to about
100 pm;

wherein the LED comprises a conductive portion on a first

surface of the LED.

7. The light emitting structure according to claim 6,
wherein the conformal coating ledge is substantially circum-
ferential around the LED.

8. The light emitting structure according to claim 6,

wherein the LED includes at least one side surface, and a

second surface that is substantially opposite the first
surface,

wherein the conformal coating includes a first side and a

second side that is opposite the first side;

wherein the first side of the first portion of the conformal

coating is adjacent the first surface and the at least one
side surface.

9. The light emitting structure according to claim 8,
wherein the first side corresponding to the second portion of
the conformal coating is substantially parallel to the second
surface of the LED.

10. The light emitting structure according to claim 8,

wherein the conductive portion is free of the conformal

coating.

11. The light emitting structure according to claim 10,
wherein the conductive portion comprises at least one of a
solder bump bond and a wirebond conductor.

12. The light emitting structure according to claim 8,
wherein the LED comprises a transitional surface that defines
a transition between the first surface and the at least one side
surface.

13. The light emitting structure according to claim 6,

wherein the LED is one of a plurality of LEDs, and

wherein the second portion of the conformal coating cor-
responds to conformal coating that was formed in at least
one gap between adjacent conformally coated ones of
the plurality of LEDs.
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14. The light emitting structure according to claim 6,

wherein the conformal coating comprises a first conformal

coating that is applied to the LED and a second confor-
mal coating that is applied to the first conformal coating,
and

wherein the first and second conformal coatings each com-

prise light conversion particles that are configured to
convert a portion of light received from the LED.
15. The light emitting structure according to claim 6,
wherein the conformal coating comprises a first conformal
coating that is applied to the LED and a second confor-
mal coating that is applied to the first conformal coating,

wherein the first conformal coating comprises first light
conversion particles having first light conversion prop-
erties, and

wherein the second conformal coating comprises second

light conversion particles having second light conver-
sion properties that are different from the first light con-
version properties.

16. A light emitting structure, comprising:

a semiconductor light emitting diode (LED) comprising:

an active region including an n-type layer and a p-type

layer;

a light emitting surface;

a bonding surface that is opposite the light emitting sur-

face; and

an n-type pad and a p-type pad that are configured to be

bonded to a bonding surface of a package that provides
electrical connection to the n-type layer via the n-type
pad and the p-type layer via the p-type pad; and

a conformal phosphor coating on at least the light emitting

surface,
wherein the conformal phosphor coating includes a phos-
phor coating ledge extending from around an edge ofthe
LED;

wherein the conformal phosphor coating comprises a first
conformal coating that is applied to the LED and a
second conformal coating that is applied to the first
conformal coating.

17. The light emitting structure according to claim 16,
wherein the n-type pad and the p-type pad are coplanar with
the bonding surface.

18. The light emitting structure according to claim 16,
wherein the LED is wirebond free.
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19. The light emitting structure according to claim 16, LED
comprises a plurality of LEDS that each include the confor-
mal phosphor coating.

20. The light emitting structure according to claim 16,
wherein the LED is vertically oriented and wherein the p-type
layer is below the n-type layer.

21. The light emitting structure according to claim 16,
wherein the phosphor coating ledge includes at least one
surface that is substantially parallel to the bonding surface of
the LED.

22. The light emitting structure according to claim 16,
wherein the phosphor coating ledge includes a thickness of
less than or equal to about 100 pm.

23. The light emitting structure according to claim 16,
wherein the LED comprises a side surface and a transitional
surface that defines a transition between the light emitting
surface and the at least one side surface, and

wherein the conformal phosphor coating is formed on the

side surface and the transitional surface.

24. The light emitting structure according to claim 16,

wherein the first and second conformal coatings each com-

prise light conversion particles that are configured to
convert a portion of light received from the LED.

25. The light emitting structure according to claim 16,

wherein the first conformal coating comprises first light

conversion particles having first light conversion prop-
erties, and

wherein the second conformal coating comprises second

light conversion particles having second light conver-
sion properties that are different from the first light con-
version properties.

26. A light emitting structure, comprising:

one or more semiconductor light emitting diodes (LEDs);

and

a conformal phosphor coating comprising a first portion

and a second portion, the first portion corresponding to
at least one surface of each of said LEDs and the second
portion extending from the first portion to form a con-
formal phosphor wing around an edge of each of said
LEDs;

wherein said conformal phosphor wing is supported by

each of said LEDs.
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